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INTRODUCTION
Total fluid intake and its biomarkers have been associated with health and hydration status (1) . Therefore, it is important to balance the hydration status of individuals in terms of health and function as it provides an indication regarding drinking behavior.
Guidelines for adequate total water intake for the general adult population have been proposed by several international governing bodies. Yet these recommendations are based on population median water intakes, with limited consideration of links between water intake and hydration status and without links between water intake and health. Moreover, the recommendations do not provide a method for individuals to ensure that they are consuming enough water to meet their specific hydration needs (2, 3) .
Establishing the adequacy of fluid intake based on physiological indicators of hydration is challenging, because there are multiple biological indicators of hydration in average adults in free-living conditions, each sensitive to a different aspect of hydration. Another common hardship in this area is a reliance on self-reported measures of habitual intake (4, 5) . Various markers have been proposed to assess the state of hydration (plasma osmolality, urine specific gravity (USG), urine osmolality), which can be used in different laboratory conditions, clinical practice or sports. However, to date, there has been no universally accepted biomarker that reflects an increase in hydration status in response to an increase in beverage intake. Therefore, no markers are defined as gold standard (4, 6) .
Interest in the type and quantity of beverage consumption is not new, and numerous approaches have been used to assess beverage intake, but the validity of these approaches has not been well established. While some research objectives have focused on the assessment of beverage-associated nutrients or intakes of individual beverages, other investigators have extrapolated beverage intakes from previously collected diet records or diet questionnaires (7, 8) . The available questionnaires were designed to measure beverage intake in children and adolescents, and most do not exclusively measure beverage intake (9) . There is currently no rapid method for determining habitual beverage intake in Turkish adults. A brief, self-administered, valid and reliable beverage intake assessment tool could enhance nutrition research targeting beverage intake patterns. Thus, our objective is to test the validity and reliability of a newly developed self-administered beverage intake questionnaire (BIQ) as compared to dietary intake records (DIRs) and USG.
METHODS

PARTICIPANTS
This cross-sectional study was carried out on a haphazard sample of 291 volunteers (56% male and 44% female) whose ages ranged between 19 and 55 (31.4 ± 10.1 years), located in Ankara, Turkey, between October and December 2014. Most participants (about 59%) were educated to secondary school level. A total of 331 subjects took part in the study, with 321 subjects completing both the beverage intake questionnaire (BIQ) and the dietary intake records (DIRs), and providing a urinary sample, and 30 subjects being excluded because of an energy intake below 900 kcal or greater than 5,000 kcal. The completion rate was 88%. The inclusion criteria for the study were absence of major diseases affecting nutritional status or the ability to keep a diet record, and no major diet changes in the past 6 months. Exclusion criteria included use of medication likely to interfere with water balance, such as hypertensive or diuretic treatment; history of metabolic or gastrointestinal disease; renal, hepatic or cardiac failure; abstention from strenuous physical activity; or high daily consumption of alcohol (more than two units or three units per day for women and men, respectively). Information on self-reported age (year), height (cm), weight (kg), education and profession was also collected. Body mass index (BMI) was calculated and participants were classified, according to their BMI, into three groups as underweight (BMI ≤ 18.5 kg/m 2 ), normal weight (BMI: 18.5-24.9 kg/ m 2 ) and overweight (BMI > 25.0 kg/m 2 ) (10).
The study was conducted according to the guidelines set out in the Declaration of Helsinki, and written informed consent was obtained from all subjects.
DIETARY ANALYSIS
Participants were visited twice in a 15-day period. During the initial visit, participants completed the beverage intake questionnaire (BIQ1) and then provided a urine sample to determine USG. Participants recorded the type and quantity of food and beverages consumed on the same day and following two days, which were consecutive -in total, 24-hour dietary records (DIRs). Two weeks later, on the second visit, participants completed the same beverage intake questionnaire (BIQ2).
The beverage intake questionnaire (BIQ) was adapted from Hedrick (11) and the most recent form consisted of the beverages consumed the most with respect to the frequency and amount by Turkish populations. The BIQ estimates habitual mean daily intake of water and beverages across 17 beverage categories [including water (plain), black and herbal tea, Turkish and instant coffee, buttermilk/kefir, milk (whole, reduced-fat, low-fat/skimmed), soda, cola and soft drinks (regular/diet), fruit juice drinks (natural/flavored), vegetable juice, sport drinks, energy drinks, most alcoholic beverages: beer (light, regular), raki, wine, mixed alcoholic drinks] plus one open-ended section for "other" beverages not listed. The BIQ included how often, which kind, what amounts and which portion size questions for each beverage. The frequency of servings was classified from "never" to "how many times a day/week/month" and the kind was categorized as diet/natural with or without sugar/cream, etc. In terms of amounts, common beverage sizes and amount used depended on beverages kinds (e.g. glass, bottle, box, can etc, and for portion size we used small, medium and large sizes).
URINE ANALYSIS
All visits were conducted between 6 and 12 a.m. to avoid the differences in USG measurements that may occur through-out the day. USG, an objective indicator of total fluid intake (hydration status and compliance), was determined using a handheld refractometer (ATAGO 4410 Digital Urine Specific Gravity Refractometer, Bellevue, WA). A urine sample from a "hydrated" subject typically falls within the range of 1.005 to 1.030 (12) . All participants were completed the urine measurement.
DATA ANALYSIS
The analyses were performed using the SPSS package program version 15.0 (SPSS, Inc., Chicago, IL, USA). Descriptive statistics (mean ± standard error of the mean (SEM)) are reported for mean total consumption of beverage and beverage categories. To assess validity, the BIQ1 (test) responses were compared to DIR responses, and, for assessing reliability (retest), BIQ1 responses were compared to BIQ2. Spearman correlation coefficients were calculated to determine the strength of the relationship between DIR and BIQ1, and BIQ1 and BIQ2, and among associated specific gravity (USG).
The agreement between BIQ and DIR, and BIQ1 and BIQ2, was calculated using the intra-class correlation coefficient (ICC) and the Cronbach's alpha statistic. Each Cronbach's alpha statistic was compared with recognized standards of agreement as follows: "fair" (< 0.4), "moderate" (0.4-0.75), "good" (0.75-0.90) and "perfect" (> 0.90) (13) . Bland-Altman plots were also generated and the mean difference (BIQ1-DIR) and limits of agreements (2 SD of the mean difference) were interpreted. This was performed using MedCalc for Windows, version 9.6.0.0 (Med-Calc Software, Mariakerke, Belgium). p-values of < 0.01 and < 0.05 (two-tailed) were regarded as statistically significant.
RESULTS
The mean BMI of participants was 24.2 ± 4.05 kg/m 2 . Over half (54.3%) of our sample had a normal weight, while 40.2% were overweight. The mean daily total fluid intake and kinds of beverage are given in table I. Mean daily total fluid intake was estimated at 1773 ± 49.4 mL using the DIR, 2,120 ± 49.5 mL with BIQ1 and 1,990 ± 46.3 mL per day for BIQ2. Differences in total fluid intake between DIR and BIQ1 were -347 ± 37 mL per day and differences between BIQ1 and BIQ2 were 130 ± 27 mL per day (Table I) .
When analyzing table I, the responses in the two assessment tools (DIR and BIQ1 = validity) were significantly correlated (all beverages p < 0.01) except for alcoholic beverages (beer, raki and wine). The correlation coefficients between the DIR and BIQ1 ranged from 0.314 (buttermilk/kefir) to 0.777 (sport drinks). Significant correlations were detected between all BIQ1 and BIQ2 variables, although the correlation for wine was lower than that for other beverage categories. The correlation coefficients between BIQ1 and BIQ2 ranged from 0.287 (wine) to 0.992 (cola) (p < 0.01). And a significant correlation was found between DIR and BIQ1 (r = 0.723, p < 0.01) and between BIQ1 and BIQ2 in total fluid intakes (r = 0.838, p < 0.01).
The largest contributor to total fluid intake was plain water, representing 58.6 ± 1.12%, 53.0 ± 0.9% and 55.0 ± 0.9% of DIR, BIQ1 and BIQ2. Other beverage types that accounted for more than 10% of total fluid intake were hot beverages (tea and coffee) (14.0 ± 19%) and sweetened beverages (cola, soda, soft, sport and energy drinks) (12.0 ± 19%). Milk, diet beverages, flavored water and alcohol made up the remaining 13% of fluid intake.
The mean ± SEM for USG was 1.019 ± 0.0003 mOsm/kg. While 55.3% of individuals had a normal hydration status, 5.9% were cases of dehydration (≤ 1.005).
Spearman's correlations were calculated for participants with complete USG and three assessment tools (DIR, BIQ1 and BIQ2) (table II) . USG measurement was negatively correlated with three assessment tools (DIR, BIQ1 and BIQ2), with amounts of plain water (respectively, r = -0.237, p = 0.000; r = -0.208, p = 0.000; r = -0.135, p = 0.021) and with amounts of total fluid intake (respectively, r = -0.126, p = 0.032; r = -0.160, p = 0.006; r = -0.112, p = 0.041) (Table II) .
Comparing DIR and BIQ1, the agreement was classified according to Cronbach's alpha statics as "perfect" on cola, fruit juices and vegetable juices; as "good" on water, black tea, instant coffee, milk, energy drinks and total fluid intake; and as "moderate" on Turkish coffee, buttermilk/kefir, soda and sports drinks. Comparing BIQ1 and BIQ2, the agreement was classified as "perfect" on 14 items and as "good" on 3 items (Table III) .
The Bland-Altman plot for total fluid intake showed that the agreement between the DIR and BIQ1 in Figure 1 and BIQ1 and BIQ2 in Figure 2 was dependent on intake level. Differences in the daily intake of total fluid with DIR and BIQ1; BIQ and BIQ2 plotted against the mean daily intake estimated by the two methods. Mean difference and 95% limits of agreement (1.96 × SD of mean difference) are included.
These plots show that the DIR and BIQ1 and BIQ1 and BIQ2 are very likely to agree on total fluid intake, since the range obtained for the 95% limits of agreement was -890.6 + 1,583.8 for DIR-BIQ1 and -776.7 + 1037.5 for BIQ1-BIQ2 in total fluid intake. The observed limits of agreement are quite strongly influenced by a few outliers ( Figs. 1-2 ). 
DISCUSSION
The purpose of this study was to assess the hydration status with rapid, accurate and simple beverage intake questionnaire and to determine the validity and reliability of it's in healthy, sedentary individuals. This questionnaire was designed to capture the usual beverage intake. Dietary records have been used successfully to estimate energy and nutrient intakes. Numerous dietary records have been used to assess beverage intake. Some research objectives have extrapolated beverage intakes from previously collected diet records or diet questionnaires (7, 8, 14) . Other investigators have focused on the assessment of beverage associated nutrients or intakes of individual beverages (15, 16) . In addition, three days of recalls or records may not adequately represent total fluid intake or kinds of beverage, particularly for items that have high intra-individual variation (i.e. are consumed sporadically) (17) . Moreover, the validity of these approaches has not been well established.
In this study, compared with the dietary intake record, the BIQ tended to over-report total fluid intake by 346.6 mL. When the difference between BIQ1 and BIQ2 was analyzed, the BIQ1 over-reporting was only 130.4 mL. Comparing DIR and BIQ1, the total fluid intake agreement was classified as "good" and "per-fect" according to Cronbach's alpha statics respectively comparing DRI-BIQ1 and BIQ1-BIQ2. It is well known that fluid intake is difficult to monitor. Although there is a lack of biomarkers to reflect hydration status in response to beverage intake, various markers have been proposed for assessing the state of hydration (1) . Some dietary intake methods have used biomarkers to validate the data collected. Biomarkers of intake are able to objectively assess dietary intake/status without the bias of self-reported dietary intake errors and also overcome the problem of intra-individual diet variability (18, 19) .
In this study, we used urinary specific gravity as a reference biomarker of the self-reported intake of total fluid and kinds of beverages (BIQ) (1) . As would be expected for a possible biomarker of total fluid intake, USG was negatively correlated with the amount of total fluid intake for three assessment tools (DIR, BIQ1, BIQ2); thus, the BIQ appears to be a valid and reliable and easily administered questionnaire for assessing beverage intakes among adults. The reliability and validity coefficients for the BIQ were similar in magnitude to those reported elsewhere. Malisova's study (20) reported no correlations between beverage intake estimated from the water balance questionnaire against USG (r = -0.107, p = 0.403). However, they found moderate correlations with the other biomarkers measured. Hedrick's study (11) found that USG was negatively correlated with grams of total daily beverage consumption at different time (-0.202, p < 0.05 and -0.238, p < 0.05).
In our study, of the 17 beverage variables assessed, 14 of beverages were significantly correlated with DIR (p < 0.05). The results of our study suggest that a quantitative beverage intake questionnaire provides more useful data about consumption of total fluid and kinds of beverage intakes than a 3-day dietary record and urinary specific gravities. In other studies, beverage frequency records (11) appear to be a better measuring method for assessing (20) beverage intake than the 3-day dietary questionnaire when compared with biomarkers. It is clear that the development of a properly validated beverage frequency questionnaire may improve the evidence behind hydration outcomes.
CONCLUSION
As a conclusion, the self-administered instrument described in this study shows reproducibility in a range observed for similar dietary intake record used with adults. This tool may be useful for researchers interested in assessing habitual beverage consumption patterns to evaluate hydration status for adults, particularly in large-scale investigations where lengthier, resource-intensive dietary intake assessment techniques are not feasible. Among nutrition practitioners, this tool could be utilized as a rapid method to assess total fluid intake and kinds of beverages in Turkey.
Although several hydration status studies have investigated the response of various biomarkers to changes in beverage intake, important theoretical considerations have also been published (21, 22) . We still do not have enough data available in the literature to set robust biomarkers proxies for fluid intake.
LIMITATIONS
Two primary limitations exist in this investigation. Firstly, participants completed the self-administrated BIQ and DIR. So subjects were prone to underestimate their beverage intake when they kept dietary records.
Secondly, In Turkish society, alcoholic beverages are not consumed in high amounts and at high frequency. Therefore, the amount of alcoholic beverages in DIR was less than in the BIQ. In addition, every alcoholic beverage should be combined into only one category, "alcoholic beverages". A need for studies that systematically examine the correlation of beverage intake and hydration biomarkers in different populations has been demonstrated.
